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WHAT IS CLAIMED IS: 



An isolated DNA comprising a nucleic acid selected from the group of: 

(a) a nucleic acid comprising a nucleotide sequence coding for human MiRPl set 
forthsin SEQ ID NO: 2 or its complement; 

Ka nucleic acid comprising a nucleotide sequence coding for rat MiRPl set forth 
in SEQ ID NC^4 or its complement; 

(c) a nucleic acid comprising a nucleotide sequence coding for human MLRP2 set 
forth in SEQ ID NO^or its complement; 

(d) a nucleic acid cxjmprising a nucleotide sequence coding for mouse MiRP2 set 
forth in SEQ ID NO:8 or its cornolement; 

(e) a nucleic acid comprising nucleotide sequence coding for human MiRP3 set 
forth in SEQ ID NO: 1 0 or its complemeh 

(f) a nucleic acid comprising a nuclebtMe sequence coding for mouse MiRP3 set 
forth in SEQ ID NO: 12 or its complement; 

(g) a nucleic acid which hybridizes under stringeiKconditions with a nucleic acid of 
any one of (a)-(f) and 

(h) a nucleic acid which has at least 90% identity with a ni^eic acid of any one of 

(a)-(f). 

An isolated DNA encoding a polypeptide of SEQ ID NO:2 comprising a mutation disclosed 
herein. 



3 . A nucleic aci&qprobe wrpch 
hybridization conctitioi 
acid probe from hybridizing 



A nucleic acid l 



ybridizes specifically to the DNA of claim 2 under stringent 
wheilein said stringent hybridization conditions prevent said nucleic 
toDl^ArofSEQ IDNO:l. 



vMclrNiybridizes specifically to the DNA of claim 2 under stringent 
hybridization condiiibns wherein saio>sMngent hybridization conditions prevent said nucleic 
acid probe from hjfcridizing to DNA of SEQ ID NO:3 . 
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An allele specific probe or primer which hybridizes to the DNA of claim 1 or an allelic 
variant thereof under stringent conditions. 

The probe or primer of claim 5 that is 10-100 bases long. 

The probe or primer of clab^6 that comprises at least ten contiguous bases from SEQ ID 
NO:2, 4, 6, 8, 10 or 12, or an allette^variant thereof, or the complement of any of these. 



An allele specific p] 
including the 22nd, 25th, 
complement of SEQ 
SEQ ID NO:2. 




er that hybridizes to a subsequence of SEQ ID NO:2 
base, or to the corresponding subsequence in the 
allelic variant thereof, whenmaximally aligned with 



A primer suitable^ performing a single base extension reaction across a polymorphic site, 
which primer hybridiz&sto a subsequence of SEQ ID NO:2 or the complement thereof, 
which subsequence terminate^Sxat base immediately adjacent to and 5' from a base selected 
from the group consisting of 22, 2>S161 or 170. 

A method for diagnosing a polymorphism which causes long QT syndrome comprising 
tmdizing a probe of claim 3 to a patient's sample of DNA or RNA under stringent 
conditiorlsvwhich allow hybridization of said probe to nucleic acid comprising said 
polymorphism .but^grevent hybridization of skid probe to a nucleic acid of SEQ ID NO:l 
wherein the presence of^l^ridization^ignal Indicates the presence of said polymorphism. 

The method according to claim 10 Meifcini the patient's DNA or RNA has been amplified 
and said amplified DNA or RNAys hybpdis 

A method according to claim VI wherein hybridization isjserfbrmed in situ. 



A method for diagnosing the presence of a polymorphism in human KS£{E2 which causes 
long QT syndrome wherein said method is performed by means which identny^epresence 
of said polymorphism, wherein said polymorphism is one which results in the presehceof 
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CCNE2 polypeptide of SEQ ID NO:2 with an altered amino acid s said altered amino acid 
bein^sselected from the group described herein. 

The methoHof claim 13 wherein said means is selected from the group consisting of (a) 
using a sin^-stranded conformation polymorphism technique to assay for said 
polymorphism, (^sequencing human KCNE2 and (c) performing an RNAse assay. 

An antibody which bin^s to a mutant KCNE2 polypeptide but not to wild-type KCNE2 
polypeptide, wherein said rtmtant KCNE2 polypeptide has the amino acid sequence of SEQ 
ID NO:2 with an altered sequence as disclosed herein. 

A method for diagnosing long Q\syndrome saiil method consisting of an assay for the 
presence of mutant KCNE2 polypeptide in a patient by reacting a patient's sample with an 
antibody of claim 15 wherein the pr^s^hce of a positive reaction is indicative of long QT 
syndrome. 

The method of claim 16 wheremsSd antibodyMs a monoclonal antibody. 

The method of claim 17 wherein said assay is selected from the group consisting of 
immunoblotting and an immunocytochemical technique. 

An isolated polypeptide selected from the group consisting\f : 

(a) a polypeptide comprising an amino acid sequence set forth in SEQ ID NO:2; 

(b) a polypeptide comprising an amino acid sequence set forth in SEQ ID NO:2 with 
a mutation described herein; \ 

(c) a polypeptide comprising an amino acid sequence set forth in SEQ ID NO:4; 

(d) a polypeptide comprising an arnino acid sequence set forth in SEQ ID NO:6; 

(e) a polypeptide comprising an amino acid sequence set forth in SEQ ID NO:8; 

(f) a polypeptide comprising an amino acid sequence set forth in SEQTD NO: 10; 

(g) a polypeptide comprising an amino acid sequence set forth in SEQ ID NO: 12; 

and 
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a polypeptide having at least 90% identity to a polypeptide of any one of (a) and 



(c)-(g)- 



20. An antibody which ts specific for a polypeptide of claim 1 9. 




2 1 . The antibody of claim 20 Vhich is a polyclonal antibody. 



22. The antibody of claim 20 whicV is a mor oclonal antibody 



23. A method for diagnosing long QT sWd omein a person wherein said method comprises 



sequencing a KCNE2 polype] 
synthesized from nuclei 
described herein is indicative dfflong QT syndtome, 



said person or sequencing KCNE2 polypeptide 
rived f^on\said person wherein the presence a mutation 



24. A method of amplifying an exdfn of KCNE2 wherein s^d method comprises using a pair of 
primers. 



25. A cell 




with the DNA of claim 1 . 



26. A cell transfected wMJi the DNA of claim 2. 



27. A vector composing the isolated DNA of claim 1 . 
^&>-^A vector comprising the isolated DNA of claim 2. 



29. A cell transfected<with the vector of claim 27. 



30. A cell transfected with the vectortfcMm 28. 



31. A nonhuman, trans; 



32. A nonhuman, transgei 




prising the DNA of claim 1 . 



mprising the DNA of claim 2. 
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A method to screen for drugs which are useful in treating a person with a mutation in 
KCNE2, wherein said method comprises: 

(a) placing a first set of cells expressing KCNE2 with a mutation into a bathing 
solution to measure a first induced K + current; 

{h) measuring said first induced K + current; 
(cyblacing a second set of cells expressing wild-type KCNE2 into a bathing solution 
to measure a second induced K + current; 

(d) measuring said second induced K + current; 

(e) addin&a drug to the bathing solution of step (a); 

(f) measuring a third induced K + current of cells in step (e); and 

(g) determining whether the third induced K + current is more similar to the second 
induced K + current thafi is the first induced K* current, wherein drugs resulting in a third 
induced K + current which\s closer ytrite second induced K + current than is the first induced 
K + current are useful in treating said persons. 

The method of claim 33 wAereV said mutation is one described herein. 



The method of claim 33 wJm 
of cells are obtained^torli transgenic 1 

/ 



The method of claim 33 v herein said forsAset of cells, said second set of cells or both sets 



of cells are transfected wi 



set of cells, said second set of cells or both sets 
lal. 



i human HERt 



vfA. 



A method to screen for drugs which are usefulNn treating or preventing long QT syndrome, 
said method comprising: 

(a) placing cells expressing wild-type HEkG and wild-type KCNE2 into a bathing 
solution to measure current; 

(b) measuring an induced K + current in the cefte of step (a); 

(c) placing cells expressing wild-type HERG ahd mutant KCNE2 into a bathing 
solution to measure current; 

(d) measuring an induced K + current in the cells of st^D (c); 

(e) adding a drug to the bathing solution of step (c); 
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(fc measuring an induced K + current in the cells of step (g); and 
(gmeterrnining whether the drug resulted in an induced K + current more similar to 
or less similaV to the induced K + current seen in cells expressing wild-type HERG and wild- 
type KCNE2 as compared to the current seen in cells expressing wild-type HERG and 
mutant KCNE2 irWhe absence of a drug, 

wherein a drug whi en. results in a current more similar to the current seen in cells expressing 
wild-type HERG and\wild-type KCNE2 is useful in treating or preventing long QT 
syndrome. 



The method of claim 37 wherein said mutant KCNE2 encodes one of the mutations 
described herein. 



The method of claim 37 wherein\ i) ! 
HERG and wild-type KCNE2,, 
HERG and mutant KCNE2, or 
HERG and wild-type KCNE2 
HERG and mutant KCNE2. 

The method of claim 39 wherejjjfi: i) said ceL 
cells of steps (a) and (c) are transfected with 



s of step (a) are cotransfected with wild-type 
of step (c) are cotransfected with wild-type 
of step (a) are cotransfected with wild-type 
of step (c^jy^-Getrarisfected with wild-type 



of step (a), ii) said cells of step (c) or iii) said 
A. 



ng or preventing long QT syndrome, 



A method to screen for drugs which are useful in t 
said method comprising: 

(a) placing cells expressing wild-type HERG^pd wild-type KCNE2 into a bathing 
solution to measure current; 

(b) measuring an induced K + current in the cells oY step (a); 

(c) placing cells expressing mutant HERG and wif^-type KCNE2 into a bathing 
solution to measure current; 

(d) measuring an induced K + current in the cells of step 00; 

(e) adding a drug to the bathing solution of step (c); 

(f) measuring an induced K + current in the cells of step (e); afod 
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g) determining whether the drug resulted in an induced K + current more similar to 
or less similar to the induced K + current seen in cells expressing wild-type HERG and wild- 
type KCNE\sls compared to the current seen in cells expressing mutant HERG and wild- 
type KCNE2 in\the absence of a drug, 

wherein a drug which results in a current more similar to the current seen in cells expressing 
wild-type HERG and wild-type KCNE2 is useful in treating or preventing long QT 
syndrome. 



The method of claim 41 wherein: i) said cells of step (a) are cotransfected with wild-type 
HERG and wild-type KCN&2, ii) said cells of step (c) are cotransfected with mutant HERG 
and wild-type KCNE2, or iii)>said cells of step (a) are cotransfected with wild-type HERG 
and wild-type KCNE2 and saia\cells of step (c) \re cotransfected with mutant HERG and 
wild-type KCNE2. 

The method of claim 41 wherein: ij sa\l cells of step (a), ii) said cells of step (c) or iii) said 
cells of steps (a) and (c) are transfixed RNA 

A method to screen for drugs whjfch are usefu^in tre ating or^e^enting"long"QT syndrome, 
said method comprising: 

(a) preparing a ^rrsgenic animai cota 
KCNE2; 

(b) measuring an induced K + current in the wahsgenic animal of step (a); 

(c) preparing a transgenic animal cotransfected \ith wild-type HERG and mutant 
KCNE2; 

(d) measuring an induced K + current in the transgenicNanimal of step (c); 

(e) administering a drug to the transgenic animal of sterVc); 

(f) measuring an induced K + current in the drug-treated animal of step (e); 

(g) determining whether the drug resulted in an induced K + current more similar to 
or less similar to the induced K + current seen in the transgenic animal \otransfected with 
wild-type HERG and wild-type KCNE2 as compared to the current seen\m a transgenic 
animal cotransfected with wild-type HERG and mutant KCNE2 in the absence of a drug, 



ed with wild-type HERG and wild-type 
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herein a drug which results in a current more similar to the current seen in transgenic 
aniWls cotransfected with wild-type HERG and wild-type KCNE2 is useful in treating or 
preventing long QT syndrome. 

The method\f claim 44 wherein said mutant human KCNE2 encodes a mutation disclosed 
herein. 



A method to screen for drugs which are useful in treating or preventing long QT syndrome, 
said method comprising: 

(a) preparing a transgenic animal cotransfected with wild-type HERG and wild-type 
KCNE2; 

(b) measuring an induced K + current in the transgenic animal of step (a); 

(c) preparing a transgeriic\aiiirnal cotransfected with mutant HERG and wild-type 

KCNE2; 

(d) measuring an induced ¥t current in the. transgenic animal of step (c); 

(e) administering a drug to he transgenic abimal of step (c); 

(f) measuring an induced K h currentVi the dhig-treated animal of step (e); 



/ 



resulted in 



(g) determining whether the 
or less similar to the induced K + ci 
wild-type HERG and wild-type K( 
animal cotransfected with mj 
wherein a drug which results in a Current more si 



induced K + current more similar to 
al cotransfected with 
e*ompared\to the current seen in a transgenic 
KCNE2 in the absence of a drug, 
the current seen in transgenic 



animals cotransfected with wild-tydi HERG and wild-fj|pe KfNE2 is useful in treating or 
preventing long QT syndrome. I 

A method for diagnosing a polymophism which causes long QT syndrome comprising 
determining the KCNE2 sequence in a patient by preparing cDNA from RNA taken fromthe 
patient and sequencing said cDNA to determine the presence or absence of mutotions which 
cause long QT syndrome. 



A method of assessing a risk in a human subject for long QT syndrome which comto 
screening said subject for a mutation in a KCNE2 gene by comparing the sequence of 
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$CNE2 gene or its expression products isolated from a tissue sample of said subject with a 
wiM-type KCNE2 gene or its expression products, wherein a mutation in the sequence of the 
subject is indicative of a risk for long QT syndrome. 

The method of claim 48 wherein said expression product is selected form the group 
consisting ofmRNA of the KCNE2 gene and a KCNE2 polypeptide encoded by the KCNE1 
gene. 



The method of claim 48 wherein one or more of the following procedures is carried out: 

(a) observing shifts in electrophoretic mobility of single-stranded DNA from said 
sample on non-denaturing polyacrylamide gels; 

(b) hybridizing a KCNE2gem probe to genomic DNA isolated from said sample 
under conditions suitable for h^bric ization of said probe to said gene; 

(c) determining Wbridizatio i of an allele-specific probe to genomic DNA from said 

sample; 

(d) amplifying AllW part dtf the KCNE2 gene from said sample to produce an 
amplified sequence an^ sequencing the amplified sequence; 

(e) detenninii/g by n\icleic a'nd amplification the presence of a specific KCNE2 



mutant allele in said s 



tie; 



(f) molecuJarWcioning a\l or part of the KCNE2 gene from said sample to produce 



a cloned sequence and sequencing the 
(g) determining whether then 
genomic DNA or fdZNE2 rnRNA is* 



cloned sequence; 

is a mismatch between molecules (1) KCNE2 gene 
iated from said sample, and (2) a nucleic acid probe 
complementary to jAe human wild-type\l^CNE2 gene DNA, when molecules (1) and (2) are 
hybridized to eacH other to form a dupl^ 

(h) amplification of KCNE2 gene sequences in said sample and hybridization of the 
amplified sequences to nucleic acid probe^ which comprise wild-type KCNE2 gene 
sequences; 

(i) amplification of KCNE2 gene sequences in said tissue and hybridization of the 
amplified sequences to nucleic acid probes which comprise mutant KCNE2 gene sequences; 

(j) screening for a deletion mutation; 
(k) screening for a point mutation; 
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(V) screening for an insertion mutation; 

(nV) determining in situ hybridization of the KCNE2 gene in said sample with one 
or more nucleic acid probes which comprise the KCNE2 gene sequence or a mutant KCNE2 
gene sequencfe; 

(n) immunoblotting; 

(o) immunocytochemistry; 

(p) assaying for binding interactions between KCNE2 gene protein isolated from said 
tissue and a bindirtg partner capable of specifically binding the polypeptide expression 
product of a KCNH2 mutant allele and/or a binding partner for the KCNE2 polypeptide 
having the amino acin sequence set forth in SEQ ID NO:2; 

(q) assaying for the inhibition of biochemical activity of said binding partner; and 
(r) performing a single ba§fe extension assay using a primer hybridizing immediately 
adjacent to but not mclucKngine site of the mutation. 



A nonhuman transgenic < 
and mutant human HE ftp. 

A nonhuman transgenic; 
wild-type human HERG 



A method for detern lilting the ability o; 



rial wherein said animal comprises wild-type human KCNE2 



herein said animal comprises mutant human KCNE2 and 



a drug to affect the fast delayed rectifier potassium 
arises: 



current (1^), whereih&aid method con 

a) placing cells expressing wi\d-type HERG and wild-type KCNE2 into a bathing 
solution to measure current; 

b) measuring or detecting a firsAinduced K + current in the cells of step (a); 

c) adding a drug to the bathing solution of step (a); 

d) measuring a second induced K + Vurrent in the cells of step (c); and 

e) deterrnining whether addition of said drug in step (c) inhibits, enhances, or alters 
the Ik, by comparing said first induced K + current with said second induced K + current. 



A method for deterrnining the ability of a drug to 
current (I Kr ), wherein said method comprises: 



feet the fast delayed rectifier potassium 
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aV placing cells expressing mutant HERG and wild-type KCNE2 into a bathing 
solution to measure current; 

b) measuring or detecting a first induced K + current in the cells of step (a); 

c) addingVa drug to the bathing solution of step (a); 

d) measuring, a second induced K + current in the cells of step (c); and 

e) determiningWhether addition of said drug in step (c) inhibits, enhances, or alters 
the 1,^ by comparing said first induced K + current with said second induced K + current. 



A method for determining the ability of a drug to affect the fast delayed rectifier potassium 
current (1^), wherein said method comprises: 

a) placing cells expressing wild-type HERG and mutant KCNE2 into a bathing 
solution to measure current; 

st induced J£ + current in the cells of step (a); 
blution o ? step (a); 

C + curren in the cells of step (c); and 
m of said ( 



b) measuring or detecting a 

c) adding a drug to the bathiri| 

d) measuring a second indui 

e) deterrnining whether additij 
the Ik, by comparing said first indu< 



ig in step (c) inhibits, enhances, or alters 



K + current With said second induced K + current. 



The method of claim 55, whe 
one of the following muts 

a) Gin 9->Glu (C 25 G)i 

b) Met 54->Thr (T \6\ f); 

c) He 57->Thr (T 170 €); and 

d) Thr 8->Ala (A 22 G). 



ene is selected from the group consisting of 



A method for deterrnining the ability of a drug to affect the^ast delayed rectifier potassium 
current (1^), wherein said method comprises: 

a) placing cells expressing mutant HERG and mutant K&NE2 into a bathing solution 
to measure current; 

b) measuring or detecting a first induced K + current in the^ells of step (a); 

c) adding a drug to the bathing solution of step (a); 

d) measuring a second induced K + current in the cells of step to; and 
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e)\determining whether addition of said drug in step (c) inhibits, enhances, or alters 
the I Kr by comparing said first induced K + current with said second induced K + current. 

The method ofdaim 57, wherein the KCNE2 gene is selected from the group consisting of 
one of the following mutant KCNE2 genes: 

a) Gin 9->Giu (C 25 G); 

b) Met 54->Thr(T161 C); 

c) He 57->Thr V 170 C); and 

d) Thr 8->Ala (A\22 G). 

A method for determining a correlation between inheritance of a mutation in the KCNE2 
gene and reaction to a drug, wherein said method comprises: 

a) detecting a presence or abserweof^a mutation in the KCNE2 gene in a patient; 

b) observing the reaction orsatid patient to an administered drug; and 

c) correlating said patient's genotype wrth said reaction^ 

A method as in claim 59, wherein s4id mmation is selected from the group consisting of: 

a) Gin 9->Glu (C 25 G); // \ \ 

b) Met 54->Thr (T 161G^- \ 

c) lie 57->Thr (T 170 CM arid \\\ 

d) Thr 8->Ala (A 22 GfJ \ \\ 

A method for determining a correlation between inheritance of a mutation in the KCNE3 
gene and reaction to a drug, wherein said method comprises: 

a) detecting a presence or absence of a mutatiofi in the KCNE3 gene in a patient; 

b) observing the reaction of a patient to an administered drug; and 

c) correlating said patient's genotype with said reacVon. 

A method for determining a correlation between inheritance oka mutation in the KCNE4 
gene and reaction to a drug, wherein said method comprises: \ 

a) detecting a presence or absence of a mutation in the KCNE4 gene in a patient; 

b) observing the reaction of a patient to an administered drugpand 
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c) correlating said patient's genotype with said reaction. 



A mammal comprising a disruption in at least one allele of its endogenous KCNE2 gene, 
wherein said disruption prevents transcription of messenger RNA from said allele of the 
KCNE2 gene and\results in a reduced level of KCNE2 in said knockout mouse compared 
to a mouse without Vaid disruption. 

A mammal comprising a disruption in at least one allele of its endogenous KCNE3 gene, 
wherein said disruption prevents transcription of messenger RNA from said allele of the 
KCNE3 gene and result* in a reduced level of KCNE3 in said knockout mouse compared 
to a mouse without said disruption. 

A mammal comprising a diskiptioi/ in at leist one allele of its endogenous KCNE4 gene, 
wherein said disruption pre^entsytranscriptiAn of messenger RNA from said allele of the 
KCNE4 gene and results in i reduced level df KCNE4 in said knockout mouse compared 
to a mouse without said disruption 



A method of diagnosing Ion? 

(a) obtaining a nucleic add s 

(b) determining the identity olf 
the group consisting of humjn 
the identity of the base indicating 
thereto. 



Syn&rdrns in a^person, comprising: 
ple^frenVfne person; and 
a base occuVymg\alpolymorphic site in a gene selected from 
MiRPl, human MiRP2 and human MiRP3, 

presence Tor absence of the syndrome, or susceptibility 



The method of claim 66, further comprising informing the person or a treating physician of 
the diagnosis. 



A method of identifying a polymorphic form correlated with long QT syndrome, 
comprising: 

(a) obtaining nucleic acid samples from a plurality of indivicKials characterized for presence 
or absence of long QT syndrome; 



(b) determining the identii 
the group consisting of hi 

(c) correlating identified 
individuals to identify a pol; 
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;e occupying a polymorphic site in a gene selected from 
1, human MiRP2 and human MiRP3; and 
-presence or absence of long QT syndrome in the 
brm that correlates with long QT syndrome. 




